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What are choanoflagellates?
Take water from your local creek,
marsh, tide pool or surf spot to a
microscope and you are likely to
see choanoflagellates. These
single-celled and colony forming
eukaryotes are distinguished by
their small size (3–10 µm), lack of a
chloroplast and unique
architecture: a spherical or ovoid
cell crowned by a fine collar
(‘choano’ means collar) of actin-
filled microvilli subtending a single
apical flagellum. By undulating
their flagella, choanoflagellates
generate local water currents to
propel themselves through their
aquatic environments and to
collect bacteria and detritus on the
walls of their collars. Although their
collars are nearly undetectable by
light microscopy, the flow of water
can be discerned as bacterial prey
swirl helplessly toward their
choanoflagellate predators.
Choanoflagellates may be marine
or freshwater, solitary or colonial,
free-swimming or attached. In free-
swimming choanoflagellates, the
flagellum pushes the cell body
forward (like sperm!). Hours can be
happily spent scanning water
samples for these microscopic
hunter-gatherers.
Once found, choanoflagellates
may be assigned to one of three
families — Codosigidae,
Salpingoecidae, or Acanthoecidae
— based on the appearance of their
outer coverings. The Codosigidae
are considered to be ‘naked’,
although a thin membrane lining the
cell exterior may occasionally be
observed by electron microscopy.
In contrast, the Salpingoecidae
nestle in a thick, firm, flask-shaped
membrane, or ‘theca’, of unknown
composition. The beautiful
Acanthoecidae choanoflagellates
sport an elaborate basket or ‘lorica’
of silicified strips. 
What’s so exciting about
choanoflagellates?
Choanoflagellates are among the
closest living single-celled
relatives of metazoans. This
relationship means that
choanoflagellates are to
metazoans — all animals, from
sponges to flatworms to
chordates — what chimpanzees
are to humans. They offer the
opportunity for unprecedented
new insights into the origins, early
evolution and basic cell biology of
Metazoa. Furthermore, as one of
the most abundant groups of
heterotrophic marine
nanoflagellates, choanoflagellates
have a profound impact on marine
food webs and carbon cycling.
How do we know that
choanoflagellates are close
relatives of metazoans? The first
indications of the close
relationship between
choanoflagellates and Metazoa
emerged during the mid- to late-
1800s when microscopists noted
the striking resemblance of
choanoflagellates to the collar
cells (or ‘choanocytes’) of
sponges. Almost indistinguishable
from choanoflagellates, sponge
collar cells bear both an apical
flagellum and collar of microvilli,
with which they capture bacteria
and detritus. Similar collar cells
have now been identified in other
metazoans, including cnidarians,
flatworms, rotifers and
echinoderms, while they have
never been observed in other
groups of multicellular organisms
— such as fungi, plants or
Dictyostelium — or in non-
choanoflagellate microbes. Given
the unique structural similarities
between choanoflagellates and
metazoan collar cells, early
microscopists argued that they
had found a ‘missing link’ between
multicellular Metazoa and their
single-celled ancestors.
Over the past two decades,
molecular systematists have
revisited the proposed relationship
between choanoflagellates and
Metazoa. Analyses of multiple
nuclear and mitochondrial genes
from Metazoa, choanoflagellates
and representatives of diverse
eukaryotic phyla robustly and
consistently support the placement
of choanoflagellates as the sister
group of Metazoa. Comparisons of
the complete mitochondrial
genomes of choanoflagellates and
metazoans have further
demonstrated that
choanoflagellates are a bona fide
outgroup of Metazoa, putting to
rest the proposition that they might
be reduced animals. Confidence in
the sister relationship of
choanoflagellates and Metazoa has
been bolstered by the discovery in
choanoflagellates of signaling and
adhesion genes previously known
only from Metazoa.
What can choanoflagellates tell
us about the first metazoan? By
virtue of their recent shared
ancestry with metazoans,
The choanoflagellate Monosiga brevicollis stained for actin (red), tubulin (green), and
DNA (blue). (Photo courtesy of Melissa Mott.)
choanoflagellates may be the ideal
reference taxon for studying
metazoan origins. Like a living time
capsule, they may allow us to infer
the genome content and cell
biology of the unicellular
progenitors of Metazoa. For
example, comparing
choanoflagellate and metazoan
genomes will reveal the minimal
genetic toolkit of the first metazoan. 
Pilot studies of choanoflagellate
expressed genes have already
uncovered homologs of a
remarkable diversity of signaling
and adhesion genes characteristic
of Metazoa, including tyrosine
kinases, cadherins and C-type
lectins, extending the history of
these key gene families back to the
common ancestor of
choanoflagellates and Metazoa.
Comparisons of full genome
sequences from choanoflagellates,
sponges and other metazoans will
provide a more complete picture of
when and how important gene
families evolved, the extent and
impact of gene duplication and
divergence, and the modes of
protein- and RNA-based gene
regulation available before the
origin of Metazoa. Moreover,
choanoflagellates provide a living
system in which to study the
ancient functions of genes that first
evolved in unicellular organisms
and today are used to mediate
metazoan multicellularity.
Why are choanoflagellates
important for our planet’s
health? Small as they are,
choanoflagellates have a huge
impact on the food chain, aiding
the flow of carbon from primary
producers to higher trophic levels
(including ourselves!). They
comprise 5–40% of heterotrophic
nanoflagellates and may filter
between 10% and 25% of coastal
surface water each day. By
grazing on bacteria and detritus,
choanoflagellates in turn feed
their larger predators and return
dissolved organic material to the
water column. Both in number and
feeding efficiency,
choanoflagellates form a critical
link in the microbial food chain
that supports the global ecology.
What don’t we know about
choanoflagellates? Given the
potential importance of
choanoflagellates to our
understanding of metazoan
evolution and the environment, it
is remarkable how little we
understand about their biology. A
full accounting of a
choanoflagellate genome will
allow new insights into the
molecular biology, physiology,
ecology and evolution of these
fascinating organisms. Some
pressing questions about
choanoflagellate biology concern
how they interact with each other
and their environment. Do they
have sex? How do they form
colonies, and why? How do
choanoflagellates find, distinguish
between, and capture different
species of bacterial food? How is
the unusual cellular architecture of
choanoflagellates transmitted to
each successive generation?
Is there a choanoflagellate
genome project? Yes. Genome
sequencing projects have been
approved for two species of
unicellular choanoflagellates,
Monosiga brevicollis and
Monosiga ovata. In addition, EST
sequences for M. brevicollis, M.
ovata, and a colony-forming
Proterospongia sp. are publicly
available through Genbank and
ChoanoBase.
Where can I learn more about
choanoflagellates?
Searchable EST sequences:
http://mcb.berkeley.edu/labs/king/
blast/
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What are sponges? Called
Porifera because they are porous
or ‘pore bearing’, sponges are
animals designed around a unique
body plan of canals and chambers
through which they pump water to
extract food. There is no
centralized gut, no front or back.
They lack conventional nerves
and muscle, which means
movement is only at the pace of
the individual cell crawling. There
are an estimated 15,000 sponge
species living today, but only
about half of them have been
described and named. Their
ecology and survival is often
reliant upon the ability to produce
unique bioactive compounds; as a
result, many species are targets of
natural product chemists and
bioprospectors.
Are all sponges alike? Three
classes of sponges have been
defined, each with unique body
plan features. Demosponges are
cellular and most are supported
by a siliceous skeleton of two-
and four-rayed spicules.
Hexactinellid or glass sponges
have a six-rayed glass skeleton
and are syncytial rather than
cellular. This construction allows
them to propagate action
potentials over great distances.
Calcareous sponges comprise
less than 5% of living sponges
and are characterized by a
calcium carbonate skeleton and
cellular organization. This is the
only group in which the three
grades of sponge body design —
asconoid, syconoid and leuconoid
— are apparent. Although
systematists still use this three-
class taxonomy, current
phylogenetic analysis suggests
that sponges could be
paraphyletic, with the calcareous
sponges grouping with other
metazoans.
How do sponges reproduce?
Sponges have a great array of
reproductive patterns. There are
no reproductive organs as such,
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